Introduction {#Sec1}
============

The first part of this paper will focus on pain mechanisms of dentin hypersensitivity, suggesting hypotheses in explanation. Human dentin tubules taper from a diameter of about 2 μm at their pulpal end to about 0.5 μm or less peripherally and dependent on age of the individual \[[@CR1]--[@CR3]\]. It is also well known that the pulp is richly innervated with sensory afferents, mostly involved in pain mediation \[[@CR4]--[@CR6]\] and that the dentin has limited innervation, yet appears highly sensitive with patency of the dentin tubules \[[@CR7]\]. What is less well known, however, is whether the movement of the tubule contents excites the nerve endings directly, either in the inner ends of the tubules or in the superficial pulp, or whether the odontoblasts play a role in the transduction mechanism \[[@CR7]\].

The second part of this paper will review the aetiology and risk factors associated with dentin hypersensitivity. The incidence of the condition is thought to be rising year on year due to increased longevity of life accompanied by retention of teeth and maintenance of a healthy dentition \[[@CR8], [@CR9]\]. Dentin must be exposed for pain to exist and dentin tubules patent. The area of dentin thus needs to be localised and the condition initiated by opening the tubules \[[@CR10]\]. Individuals suffering periodontal disease frequently have exposed radicular dentin as do the healthy individuals from for example overzealous toothbrushing and trauma to the gingival marginal tissues, with subsequent wear of dentin. Hard tissue wear processes of the coronal tooth area are also frequently seen clinically at the cervical margin \[[@CR10]\]. Recent changes in lifestyle, notably diet, have been shown to promote dental hard tissue loss by erosion, exacerbating the condition. Both exposed coronal and radicular dentin can be sensitive, but in the majority of cases, this condition preferentially occurs in the buccal, cervical region of the tooth or in the coronal radicular area \[[@CR11]\].

Pain mechanisms {#Sec2}
===============

Although much has been learnt about dentin hypersensitivity since it was first documented by Blum \[[@CR12]\], clinical evidence-based research, particularly in respect of the pain mechanisms, is lacking and not well understood. Dentin hypersensitivity has been defined as the pain arising from exposed dentin, typically in response to chemical, thermal, tactile or osmotic stimuli that cannot be explained as arising from any other form of dental defect or pathology \[[@CR13]\]. Tooth hypersensitivity can fit the criteria of several pain terms as described by Merskey \[[@CR14]\] for the International Association for the Study of Pain. Pain being described as an unpleasant sensory emotional experience, associated with actual or potential tissue damage or described in terms of such damage. Perception of pain emanating from the oral cavity is also perceived as disproportionately large regarding the actual physical cause, compared with the rest of the body \[[@CR15]\]. The pain of dentin hypersensitivity is classically, short, sharp, of rapid onset in character and of the duration of the applied suitability \[[@CR16]\]. The question of how an appropriate stimulus applied to exposed dentin could evoke an essentially instantaneous painful response has been the subject of debate for many decades.

There has been much discussion concerning the pulpal changes, if any, associated with sensitivity pain. Much of the current opinion on dentin hypersensitivity is based on logical and sensible supposition rather than scientific evidence \[[@CR10]\]. The status of the pulp in dentin hypersensitivity is not known, although symptoms would suggest it unlikely that there is an acute or chronic inflammation due to the length of time symptoms persist. Most investigations report no correlation between pathology and symptoms \[[@CR17], [@CR18]\]; however, studies are fraught with difficulty due to ethical consideration. At a clinical level, even with magnification, sensitive dentin looks the same as non-sensitive dentin. There is little to indicate that hypersensitive dentin differs in any way from normal dentin and the pain mechanisms are probably the same \[[@CR13]\]. The term "dentin hypersensitivity" can be questioned, with perhaps "dentin sensitivity" being a more accurate description. However, historically, dentin hypersensitivity has been a useful term as it has described a distinct clinical entity familiar to the dental profession \[[@CR13]\]. Some individuals also experience a vague dull, throbbing ache, persisting for variable periods of time after the stimulus has been removed \[[@CR19]\]. Whilst this pain sensation could be part of the condition, it does not fit the definition, utilises C fibres in the innervation process and is highly likely to be due to pulpal inflammation, needing endodontic or exdontia management \[[@CR10]\].

In an attempt to explain dentin hypersensitivity, a number of theories have been put forward. One of the early, and most obvious hypotheses, was that dentin was innervated and therefore nerves were directly triggered by the stimulus. Histological stain techniques later proved not to be totally specific for nerve fibres \[[@CR19]\]. Later evidence from electron microscopy revealed that nerve fibres do penetrate the dentinal tubules but only for a very short distance into the inner dentin, and mainly over the pulpal horns \[[@CR20]\].

A further theory, termed the odontoblast transducer mechanism by Rapp et al. \[[@CR21]\], was suggested primarily because odontoblasts are embryologically of neural crest derived mesenchymal cells. It was suggested that odontoblasts acted as receptor cells mediating changes in the odontoblasts via synaptic junctions with nerves. This could result in the sensation of pain from the nerve endings located in the pulpodentinal border. Direct microscopic techniques, as for the first theory, failed to confirm this concept with observation suggesting odontoblastic processes only extend between one third to one half of the dentinal tubule length, 0.5--1 mm from the pulpal end \[[@CR22]\]. A space occurs between the process and the tubule wall \[[@CR23]\], filled with dentinal fluid \[[@CR24]\]. The reason for this phenomenon is unknown, but it is possibly involved in the pain mechanism. Further criticism of this theory stems from electrophysiological and histological studies, showing that dentin is still sensitive if irritation-induced odontoblast aspiration and nerve injury have occurred \[[@CR25]\]. Tooth cavity preparation would destroy or disrupt the odontoblast layer and yet pain will still emanate without a local anaesthetic. Odontoblasts, however, may have a sensory function, with or without metabolic support of nerve fibres or transmission of mechanical disturbances; however, at the time, excitability was not demonstrated by intracellular electrophysiological techniques \[[@CR26]\].

Currently, the most widely accepted theory is the hydrodynamic theory. In the nineteenth century, Gysi \[[@CR27]\] determined that there was an outward flow of fluid along the dentinal tubules, and proposed, without research evidence, the hypothesis that appropriate stimuli applied to the dentin surface increased change of fluid flow which, in turn, triggered the pulpal nerves. Many years later, Brännström and his co-workers published over 20 years worth of studies on both human and animal models \[[@CR28]--[@CR30]\], supporting the theory which has remained the most popular explanation to date. The theory states that sensitive dentin is based on the stimulus-induced fluid flow in the dentinal tubules and consequent nociceptor activation in the pulp/dentin border area \[[@CR6]\]. Intradental myelinated A-β and some A-δfibres are thought to respond to stimuli that displace the fluid in the dentinal tubules resulting in the characteristic short, sharp pain of dentin hypersensitivity \[[@CR7]\]. This type of fluid movement can be quantified by measuring the hydraulic conductance of dentin \[[@CR31]\]. Thus, dentin with a high conductance has a low resistance, and vice versa. Human studies showed that the patency of the dentinal tubules is an important characteristic of sensitive dentin \[[@CR6]\], with a significantly positive correlation between the density of tubules and the pain responses induced from exposed cervical dentin surfaces \[[@CR32]\]. Further studies of extracted teeth provided compelling evidence for this requirement with sensitive teeth having many more (eight times) and wider (two times) tubules at the buccal cervical area compared to non-sensitive teeth \[[@CR33]\]. Additionally, dye penetration to the pulp was only seen in sensitive teeth \[[@CR34]\]. Although number and radius of tubules are relevant to fluid flow and therefore sensitivity, tubule radius is probably more important as fluid flow is proportional to the fourth power of the radius \[[@CR35]\] hence if the diameter is doubled, the tubule fluid flow increases by 16-fold. This explains the concept of why tubular occlusion, of whatever nature, is thought to reduce the pain of dentin hypersensitivity. These features of dentin hypersensitivity lesions clearly have important implications with respect to the possible aetiological factors involved and the development of preventive and management strategies for the condition.

The definition of dentin hypersensitivity highlights a number of stimuli which can evoke a response. Evaporative stimuli such as a triple syringe air jet or cold windy weather results in desiccation of the dentin surface and is thought to increase in the outward flow of fluid in the tubules, as does a cold thermal stimulus and osmotic stimuli such as sugar or acidic fluid \[[@CR36]\]. A thermal hot stimulus appears to result in contraction of the fluid in the tubules from in vitro research \[[@CR37]\]. Physical stimulation is more difficult to understand, but in theory, compression of the surface such as a "stiletto heel effect" is thought to compress the surface tissue and on release cause expansion and hence increased outward fluid flow \[[@CR37]\]. Of all the stimuli, cold is reported as most problematic and is used routinely in clinical trials as a positive stimulus \[[@CR38]\]. Alternative interpretations of the hydrodynamic theory have been proposed including the idea that fluid movement may cause an electrical streaming potential \[[@CR39], [@CR40]\]. Whether this can reach proportions to electrically stimulate nerves is not known, but possible.

Recently, new evidence has emerged again promoting the possible major role of the odontoblasts in the dentin sensitivity pain mechanism \[[@CR41]\]. The odontoblasts are closely related to the nerve endings, and biological signals are probably transduced from them to the axons and vice versa \[[@CR41]\]. Sensory innervation only occurs in dentinal tubules with viable odontoblasts that maintain their columnar form. This relationship, critical for odontoblast behaviour, could be similar to the role that neuregulin and its ErbB receptors play in the control of cell morphology and in hyperalgesia \[[@CR42]\]. Much is still unknown, including which proteins mediate signals between the odontoblasts and nerves and whether cilium acts as a signal integrator. Evidence demonstrates odontoblasts express mechano- and/or thermosensitive transient receptor potential ion channels (TRPV1, TRPV2, TRPV3, TRPV4, TRPM3, KCa and TREK-1) \[[@CR41]\]. These are likely to sense heat and/or cold or movements of dentinal fluid within tubules. This highlights that the terminal web is a pivotal zone of the pulp/dentin complex for sensing external stimuli. External stimuli causing dentinal fluid movements and or odontoblasts and/or nerve complex responses may represent a unique mechanosensory system with odontoblasts acting as sensor cells in the pain of dentin hypersensitivity \[[@CR42]\].

Aetiology and risk factors {#Sec3}
==========================

The aetiology of dentin hypersensitivity is based primarily on in vitro and in situ data, case report data and epidemiological surveys, not randomised controlled clinical studies. For dentin hypersensitivity to occur, the dentin surface of a tooth must be exposed (*lesion localisation*) and a number of dentin tubules in close proximity to each other must be patent from the pulp to the oral environment (*lesion initiation*) \[[@CR10]\]. There is no evidence that there is a differentiation between coronal and radicular dentin hypersensitivity. However, another name for the condition was coined by the 2002 Workshop of the European Federation of Periodontology \[[@CR43]\], root sensitivity, without evidence to support a different diagnosis and management strategy. Nevertheless, there are interesting differences in the dentin of crown and root, and throughout its structure. In the crown, the tubules follow a double curved course but in the root and beneath the incisal tips, the tubules take a straighter course \[[@CR44]\]. The circumference of the dentin at the peripheral part of the root or crown is much greater then nearer the pulp, leading to the columnar appearance of the odontoblasts as they are squashed together especially over the pulp horns \[[@CR45]\]; the convergence of this unique structural organisation estimated at 4:1 \[[@CR46]\] or 3:1 \[[@CR47]\]. The number of tubules per unit area and radius of the tubules increases from enamel--cemental junction (\~20,000 per mm^2^) to the pulp (\~45,000 per mm^2^), as does the tubule lumina \[[@CR48]\], resulting in the water content or wetness of the dentin increasing 20-fold from superficial to deep dentin in patent tubules \[[@CR48]\]. This may have clinical implications. If the deeper dentin is exposed to the oral environment, it has relatively larger dentinal tubules in closer proximity to each other compared to the original surface dentin structure of the tooth. This has the potential for more rapid tubular orifice fluid flow and sensitivity, greater tubular occlusion necessary to alleviate symptoms. Conversely, the opposite appears to be the case clinical, with small, newly exposed dentin lesions, exhibiting minimal tooth wear at the buccal cervical amelocemental junction, with patent tubules in the region of about 1 μm \[[@CR33]\], often causing excruciating sensitivity in the young individual \[[@CR49]\]. In explanation, the tooth has excellent reparative capability with reactionary and reparative dentin deposition giving rise to considerable heterogeneity in tissue structure from regular to dysplastic atubular structure \[[@CR50]\]. The grossly worn dentition rarely being sensitive if occurring over many years, whereas rapid wear in a young adult, is often sensitive, resulting in pain symptoms. The sensitivity of dentin correlates well with tubule patency \[[@CR6]\]. The capability and speed of the reparative processes of the tooth and resulting tubule occlusion, as well as age of the pulp, are likely to be very important factors in the susceptibility of an individual to experience the pain of dentin hypersensitivity.

Lesion localisation {#Sec4}
===================

Gingival recession exposing dentin {#Sec5}
----------------------------------

The most common aetiology of exposing radicular dentin is recession of the gingival marginal tissues. This process is characterised by the displacement of the gingival margin apical to the cement--enamel junction thereby exposing visible cementum of the root surface, which is then rapidly lost \[[@CR51]\]. Epidemiologic surveys revealed that gingival recession is a common entity amounting to 60--90 % of the adult Western European population \[[@CR52]\]. It is probable that no one factor in isolation leads to the development of gingival recession. Possible causes are thin alveolar cortex, periodontitis and management of the condition, buccal or lingual dehiscence and fenestration of alveolar bone, trauma, orthodontic therapy, oral piercing, self-inflicted injury, prosthodontic treatment traumatising the keratinized gingival and traumatic toothbrushing. These factors could act synchronously \[[@CR53]\].

Data are limited, but from reviews \[[@CR53]--[@CR55]\], gingival recession is not age-related. However, it is reported as being positively associated with some patients suffering from horizontal bone loss due to osteoporosis \[[@CR56]\]. Gingival recession can also be associated with both healthy and diseased periodontium and high and low standards of oral hygiene \[[@CR53]\]. Löe et al. \[[@CR57]\] reported that the occurrence of gingival recession was significantly higher in people without any dental hygiene compared to those with a reasonable level of oral hygiene.

There is good evidence demonstrating that periodontal disease and periodontal treatment result in compensatory remodelling of the supporting tissues around the tooth after tissue destruction, leading to an apical shift of the soft tissue margin \[[@CR58]\] and often results in root sensitivity, occurring in approximately half of patients following scaling and root planning \[[@CR59]\]. The amount of gingival recession that may occur varies with the therapy undertaken \[[@CR60]\]. Gingival tissues are rarely static following periodontal treatment and movement can occur over time when patients are in the maintenance phase \[[@CR61]\], probably depending on the gingival biotype, underlying bony architecture and remission of stability, as well as harmful patient oral hygiene habits. Recession due to periodontal diseases can be at any site, buccally/lingually as well as interdentally \[[@CR62]\].

Smoking is a risk factor strongly associated with periodontitis and will increase the likelihood of recession in periodontal tissues, depending on the number of cigarettes smoked daily and the duration of the habit \[[@CR63], [@CR64]\], being more pronounced in men than in women \[[@CR63]\] and particularly after periodontal regenerative surgical procedures \[[@CR65], [@CR66]\].

What is not so clear is the effect of smoking on the gingival health of people not susceptible to periodontal disease. The research is not conclusive with Gunnsolley et al. \[[@CR67]\] demonstrating a strong association between smoking and both attachment loss and recession in subjects who have minimal or no periodontal disease. Other data do not support the hypothesis that smokers not susceptible to periodontal disease are at an increased risk for the development of gingival recession \[[@CR68]\]. There is probably a number of confounding factors to explain these differences in the research outcomes, such as the gingival biotype and oral hygiene habits; smokers often brushing their teeth over zealously due to increased staining of the hard tissue \[[@CR69]\].

The aetiology of gingival recession in the healthy periodontium is circumstantial and based on clinical observation with epidemiological data \[[@CR70], [@CR71]\]. These data associate recession with tooth surfaces that receive the most attention during the brushing cycle \[[@CR54], [@CR71]--[@CR74]\], namely the buccal surfaces. Observing the toothbrushing cycle is far from straight forward due to change in habit on observation. Rugg-Gunn et al. \[[@CR75]\] showed the brushing cycle was in the order of about 1 min; however, the tooth surfaces did not receive equal brushing time; the first site receiving the most attention and the last the least \[[@CR75], [@CR76]\]. Recently, there has been an increase in the use of power brushes. Interestingly, their brush head action has not been shown to cause more gingival recession than manual brushes documented in a Cochrane Review \[[@CR77]\]. Plaque data suggest an inverse relationship with recession; plaque scores lower at recession sites \[[@CR11]\]. Epidemiological plaque distribution data show superior plaque control at similar sites to recession, with scores lowest at canine and premolar teeth, buccal surfaces and left sides of the dental arches \[[@CR78]\].

During any brushing cycle, the toothbrush is thought to scratch the gingival tissues to some degree \[[@CR79]--[@CR81]\], possibly causing recession. Some individuals are known to be more obsessive regarding toothbrushing habits, particularly those with dentin hypersensitivity, regularly brushing three or more times a day \[[@CR82], [@CR83]\] and for longer periods of time than the average population \[[@CR84]\], again predisposing individuals to more likelihood of permanent trauma and recession. The gingival biotype is rarely mentioned in dentin hypersensitivity studies and reviews, yet places a major role in gingival surgery risk assessment of recession \[[@CR85]--[@CR87]\].

In conclusion, although toothbrushing would appear influential in the trauma to gingival tissues, the benefits of tooth brushing to gingival health, however, far outweigh any downside in respect of resulting gingival recession \[[@CR88]\].

Gingival recessions due to other aetiologies have been demonstrated, for example, anatomical predisposition due to absent or thin buccal alveolar bone \[[@CR89]\]. Factitious or self-inflicted gingival damage can also cause a problem \[[@CR53], [@CR55]\]. Gingival recession is now not uncommon in young adults with intra- and perioral piercing as they may cause gingival tissue trauma \[[@CR90], [@CR91]\]. Sluzkey and Levin \[[@CR92]\] found that prevalence, extent and severity of recession correlated with past orthodontic treatment. Frontolateral bruxism has been also associated with the initiation and/or enhancement of the development of gingival recession \[[@CR93]\]. A further possible etiological factor may be orthodontic movement of teeth to positions outside the labial or lingual plate, which could lead to dehiscence formation \[[@CR56], [@CR94]\].

Loss of hard tissue exposing dentin {#Sec6}
-----------------------------------

Dentin hypersensitivity involves loss of hard tissue exposing dentin. Above the cemental--enamel junction (CEJ), loss of enamel is a necessary prerequisite for dentin exposure, and below the CEJ as soon as cementum is exposed, it becomes non-viable and is lost leaving dentin exposed. While frank carious lesions with dentin exposure of smooth tooth surface are a rather rare finding today, development of non-carious cervical lesions (NCCL) are important factors for dentin exposure at the gingival margin. This process is usually of multifactorial aetiology, and rarely only due to one of the wear phenomenon \[[@CR95], [@CR96]\], as demonstrated over many years \[[@CR97], [@CR98]\]. Aubry et al. \[[@CR98]\] evaluated in a recent study archaeological samples from France and found no NCCLs in 3,927 teeth from 259 individuals. They also reported that the risk of NCCL was higher for women and increased with age. Premolars were the most affected tooth type. The comparison of dental hard tissue microstructure of archaeological and modern teeth has not shown any difference that could explain the different prevalence rates \[[@CR99]\]. Non-carious cervical lesions are an entity found in modern civilization produced by nutrition behaviour and the use of tooth cleaning devices \[[@CR100]\]. The buccal or labial surfaces of different teeth are the most frequent locations, but lingual and interproximal surfaces may also be affected. While tooth wear is an almost universal condition also in the modern population, severe dentin exposure on cervical sites is relatively uncommon (2--6 %). The aetiology appears to be multifactorial including abrasion, erosion and possibly microfractures (abfraction) \[[@CR95], [@CR96]\]. However, Wood et al. \[[@CR101]\] concluded that an abfraction lesion is more likely due to abrasion and erosion only.

Abrasion, the physical wear as a result of mechanical processes involving foreign substances or objects, is a major factor in the aetiology of NCCL \[[@CR102]\]. Numerous peer review papers have cited abrasion, with circumstantial evidence indicating toothbrushing with a paste, as the main aetiological cause of dentin wear \[[@CR70]--[@CR72], [@CR79], [@CR103]\]. However, whilst radicular dentin wear from overzealous toothbrushing may be solely responsible for a small percentage of dentin hypersensitivity cases \[[@CR104]\], it is likely that erosive components exacerbate the condition, resulting in tissue loss and tubular opening \[[@CR105]\]. Today's low-abrasive toothpastes could minimise this risk if used in the normal twice-a-day manner \[[@CR106]\].

Although the abrasivity of toothbrushing alone to enamel is almost certainly negligible, and minimal to dentin, features of the toothbrush head and filament stiffness can modify the abrasivity of toothpastes \[[@CR107], [@CR108]\] and force of brushing \[[@CR109]\] in a normal twice-a-day brushing regimen in vitro studies \[[@CR95], [@CR103], [@CR105], [@CR110]\]. In contrast, toothpaste has great potential to harm the dental hard tissues by virtue of its degree of abrasivity. The Relative Dentin Abrasion (RDA) and Relative Enamel Abrasion of a toothpaste define its abrasive potential on a normalised scale with an accepted standard material serving as a reference \[[@CR111]\]. In situ studies to investigate the effects of abrasion on dentin have shown that dentin is considerably more susceptible than enamel to abrasion alone \[[@CR112]\] and that significant differences in dentin wear can be detected between a moderate- and high-RDA toothpaste \[[@CR113]\]. These effects on enamel can be explained by the fact that most toothpaste contains abrasives which are softer than enamel. The exceptions are those few products containing non-hydrated alumina which can abrade enamel \[[@CR88]\]. Even in these cases, careful extrapolation of data in vitro suggest, in normal use, that even these products would take hundreds of years to remove 1 mm of enamel.

The susceptibility of dentin to abrasive wear has been shown to be further increased when challenged in vitro prior to toothbrushing with an erosive insult; the toothbrush easily removing the superficially demineralised hard tissue \[[@CR105], [@CR114]\], findings that were supported more recently in vitro \[[@CR110]\] and in situ \[[@CR106]\]. Both abrasive and erosive components are important in this type of tooth wear, and indeed the RDA of the paste may be more influential than the erosive component. This would suggest that for these individuals, a low or moderate RDA paste should be advocated for safety, as well as preventive advice on tooth wear.

When comparing manual brushes for types for bristle, soft and hard toothbrushes were found to produce no significant difference in toothbrush abrasion of softened human enamel \[[@CR115]\]; the calculated thickness of the softened enamel varied between 254 and 323 nm, depending on the acid used \[[@CR116]\]. Reviews suggest that there is no difference in hard tooth tissue abrasion between electric or manual brushes using a toothpaste \[[@CR80]\]. This is due to electric brushes using less force than manual brushes \[[@CR80], [@CR103]\]. An alternative explanation is that the rapid head and/or filament actions of electric brushes may quickly dislodge the toothpaste from the brush head \[[@CR88]\].

Toothpaste detergents also chemically "abrade" dentin probably by dissolution of the collagen matrix \[[@CR117]\]. However, in vitro data suggest that in normal use, toothpastes, conforming to the International Standards Organisation for abrasivity, will take many tens of years, in excess of one hundred years, to remove 1 mm of dentin \[[@CR118], [@CR119]\]. Toothpastes therefore appear to play a role in localising sites of dentin hypersensitivity by acting synergistically with erosion in removing enamel at the cervical areas.

Erosion is defined as chemical wear as the result of extrinsic or intrinsic acid or chelators acting on plaque-free tooth surfaces \[[@CR102]\]. Erosion starts by softening of the surface and is followed by continuous layer-by-layer dissolution leading to permanent loss of tooth volume with softened layer at the surface of the remaining tissue. There are extrinsic and intrinsic causes of erosion. Extrinsic factors are not only mainly acidic food and beverages but also medicines and oral hygiene products \[[@CR120]\]. Intrinsic erosion is caused by gastric juices, possibly caused by, for example, reflux disease, eating disorders, chronic alcoholism and pregnancy. However, different biological, chemical and behavioural factors modify the effect of acidic agents on enamel \[[@CR121]\]. In a hitherto unpublished study, the authors demonstrated that saliva, from patients without erosion, exhibited a protective effect compared to saliva from individuals with severe erosion. This may be one reason why some individuals exhibit less erosion than others even if they are exposed to exactly the same acid challenge in the diet. Erosive tooth wear is not caused solely by acid challenge and chelating agents themselves. In vitro studies show that a few micrometres of tissue is lost due to the influence of an erosive challenge (once the surface is softened, it might be easily abraded by oral soft tissues), toothbrushing with dentifrices or coarse food stuff \[[@CR120], [@CR122]\]. Potential routes for deep acid penetration into the dentin are afforded by the dentin tubules where clearance and salivary buffering are less effective. The collagen layer is largely unaffected by dietary erosion and forms a mat of fibrils as the mineralized matrix dissolves, although abrasive influences will probably result in change. The relevance and clinical implications of this layer have yet to be fully understood in the erosion/abrasion wear of dentin \[[@CR123], [@CR124]\].

Erosion caused by extrinsic acids on hard tooth substrate has been considered to be the most common and important aetiological factor in tooth wear \[[@CR125]\]. However, this may not be the case with cervical tooth wear seen in dentin hypersensitivity.

Abfraction (fatigue wear) means physical wear as a result tensile or shear stress in the cemento--enamel region provoking microfractures in enamel and dentin \[[@CR102]\]. Many in vitro studies explaining cervical lesions as a result of abfraction do not consider the resilience of the periodontal ligament functioning as a shock absorber. Grippo and Simring \[[@CR126]\] stated that toothpaste abrasion in a corrosive (erosive) environment increases loss of tooth structure due to tensile forces concentrated at the cervical area of teeth. It has also been postulated that lack of Hunter Schreger-bands in the vulnerable cervical region contributes to the development of abfraction lesions \[[@CR127], [@CR128]\]. Many teeth present signs of traumatic occlusion but do not show cervical lesions. Thus, occlusal trauma alone cannot satisfactorily explain the development of NCCLs, and it may be assumed that the role of occlusal loading in NCCLs appears to be part of a multifactorial event. A critical review \[[@CR129]\] emphasised that the cause of pathological levels of tooth wear is difficult to diagnose and is generally a result of erosion, abrasion and attrition, and they also summarise that V-shaped lesion develop as a result of erosion and abrasion rather than from abfraction. Sharply defined margins could be caused by abfraction and/or abrasion due to excessive tooth brushing, while dish-shaped broader and shallow lesions could be caused by erosion. However, the term NCCL illustrates the fact that it is hardly possible to decide which kind of destruction leads to this kind of lesion.

Other types of wear affect hard tooth tissue; however, they are thought only rarely to be involved in the aetiology of dentin hypersensitivity. Foodstuffs are known to wear the occlusal surface of the teeth \[[@CR114]\]; for example, the erosive nature of roasted vegetables compared to other cooking styles \[[@CR130]\]. Attrition \[[@CR131]\] may play a role in some cases of occlusal dentin hypersensitivity, due to parafunctional habits like bruxism \[[@CR132]\].

Loss of dentin and enamel may be due to any or a combination of the tooth wear processes, including erosion, abrasion, attrition and abfraction. The interaction between erosion and abrasion would appear to be strong factors for the majority of wear at the cervical margin and opening of dentinal tubules.

Lesion initiation {#Sec7}
=================

Abrasion and erosion {#Sec8}
--------------------

To complete the scenario for dentin hypersensitivity to occur, the dentinal tubules need to be patent from the pulp to the oral environment \[[@CR34]\] also evidenced by dentin with wider and more numerous tubules being more sensitive than non-sensitive dentin \[[@CR33]\]. There is a continuous outflow of fluid from the open tubules \[[@CR133]\]. If stimuli are then applied to the dentin, the rate of flow is increased, in turn exciting the nervous system \[[@CR30]\] and resulting in a pain sensation.

The exposed dentin surface either has patent dentin tubules or is covered by a smear layer of oral debris such as calcium or toothpaste ingredients. Boyde et al. \[[@CR134]\] first referred to the grinding debris on the surface of dentin as the "smear layer". The depth produced in the oral cavity is believed to range from 1 to 5 μm according to Brännström \[[@CR135]\], but is thought to be up to 10--15 μm in vitro \[[@CR136]\]. Many investigators have established that the smear layer is acid-labile \[[@CR105], [@CR137]\]. Most acidic soft drinks, citrus fruits and fruit juices, some alcoholic beverages and many herbal teas remove the smear layer \[[@CR105], [@CR138]\] after a few minutes of exposure. Further, these acids can dramatically reduce the dentin surfaces' ability to resist abrasive forces due to surface softening \[[@CR10], [@CR105], [@CR139], [@CR140]\] resulting in further dentin removal and wider open dentin tubules. Contrary to popular belief, yoghurts were not found to cause erosion of enamel and remove the smear layer \[[@CR141]\]. Some mouthrinses with low pH will readily dissolve the smear layer to expose open tubules \[[@CR142]\] as do some toothpastes detergents, such as sodium lauryl sulphate \[[@CR143], [@CR144]\]. Most mechanical influences on dentin, for example, abrasion and attrition, cause a plastic tissue flow and produce or remove a smear layer \[[@CR145]\]. Although toothbrushing per se can open and close dentin tubules, as demonstrated by Absi et al. \[[@CR105]\], this takes in excess of 24-h continual brushing with water and after a few hours with toothpaste brushing. Brushing with an occluding toothpaste can occlude tubules \[[@CR146]--[@CR149]\] with deposition of toothpaste ingredients on dentin and in tubule orifices. However, non-occluding toothpastes may open tubules due to their abrasive nature \[[@CR144], [@CR150], [@CR151]\]. A systematic review conducted by von Troil et al. \[[@CR59]\] looked at the prevalence of root sensitivity following periodontal therapy, concluding that root sensitivity occurs in approximately half of the patients following subgingival scaling and root planing due to opening and closing of the tubules, respectively.

In conclusion, lesion initiation in dentin hypersensitivity can be induced by abrasive and erosion forces. Although erosion is the dominant factor, synergistic action with abrasion is probably the most common occurrence; these factors result in tubule opening and dentin wear.

Plaque {#Sec9}
------

The formation of bacterial plaque on exposed dentin surfaces has potential to induce pathological change in the pulpal tissue down to patent dentin tubules due to diffusion of bacterial products and substances release by inflammatory processes. Adriaens \[[@CR152]\] first published work in this field, but more recently, Love et al. \[[@CR153]\] has shown that bacterial invasion of dentinal tubules commonly occurs when dentin is exposed following a breach in the integrity of the overlying enamel or cementum, with bacterial products able to evoke inflammatory changes in the pulpodentin complex. However, there is no link to dentin hypersensitivity yet.

Bleaching {#Sec10}
---------

Tooth sensitivity following vital tooth bleaching is a cause for concern, affecting most people and lasting for 1--4 days on average \[[@CR154]\]. Sensitivity is thought to be due to the hydrogen peroxide molecules passing through the enamel and dentin into the pulp and causing pulpal inflammation \[[@CR155]\], which is different from the aetiology of dentin hypersensitivity. Sensitivity from bleaching is usually transient, although if bleaching is performed on individuals already exhibiting sensitive dentin, the sensitivity can be severe and prolonged. Desiccation of the tooth surface may also play a role influencing sensitivity from vital bleaching \[[@CR36]\].

Susceptibility and risk factors {#Sec11}
===============================

Individuals will respond differently to the same risk factors influencing outcome, while other individuals will subject themselves to a particular risk factor far more often than average. When 10 volunteers imbibed 1 l of a soft acidic drink over a period of 15 days, some volunteers showed minimal erosion of enamel and others far more erosion \[[@CR156]\]. Identification of the cause of susceptibility is unknown but likely to be due to salivary buffering and flow rate \[[@CR157]\], pellicle thickness and charge \[[@CR158]\], movements of the soft tissues \[[@CR159]\], distribution and time of acidic liquid in the oral cavity \[[@CR160]\], tooth structure \[[@CR139]\] and remineralising potential \[[@CR161], [@CR162]\]. Difference in saliva flow and composition could contribute to the development of hypersensitivity by affecting the surface layer or deposition of intratubular dentin \[[@CR163]\]. Similarly, the biotype of the gingival margin \[[@CR85]\], oral hygiene habits such as excessive toothbrushing and consumption of copious acidic beverage often accompanied with toothbrushing soon after consumption, will predispose the individual to dentin hypersensitivity \[[@CR10]\].

Similar to periodontal disease and many other medical conditions, there needs to be a susceptible individual who is exposed to a one or more risk factors for dentin hypersensitivity to occur.
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